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Abstract 
Two-steps utilization of residual Shorea wood biomass (Meranti) from saw mill industry in Balikpapan, East Kalimantan, 
Indonesia was studied to point out its potential as the feedstock for the production of food and energy. For this purposes, oyster 
mushroom, Pleurotus ostreatus was cultivated on mixed sawdust of Shorea wood (major species; Shorea leprosula), and then the 
residual wood obtained from mushroom production (spent waste) was subjected to methane fermentation by mixing with cow 
dung in two steps utilization process. The effects of the bio treatment on biogas production and correlation with compositional 
changes in the wood by mushroom cultivation were evaluated. P. ostreatus preferentially decomposed lignin in the tropical wood 
with high productivity of matured fruiting body. During 44 days, fruiting bodies were harvested and collected four times, and 
lignin and holocellulose in the Shorea wood decreased by 24.7% and 15.8%, respectively. Biological activity expressed as yields 
of the fruiting body was the maximum at the first flush, and decreased gradually. In methane fermentation, addition of pretreated 
wood waste increased production of biogas by 2-3 times higher than those without the bio-treated wood. The combination of 
mushroom and biogas production of residual Shorea wood biomass creates a new industrial application of unutilized wood 
biomass from tropical rainforests, with a great deal of advantages supplying value-added foodstuff and also renewable energy for 
the local community. 
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1. Introduction 
In Indonesia and other tropical countries, a huge amount of residual woody biomass is generated from tropical 
rain forests and related wood industries. The lignocellulosic biomass is a potential source for energy, transport fuels, 
chemicals, and feedstock for ruminant animals, foodstuff and functional materials (Amirta et al., 2006). However, 
industrial application of the waste wood to biofuel production is still limited owing to low level of cost 
effectiveness. Co-production of value-added products and biofuels from the residual wood is an important approach 
to actualize the industrial applications.  
Woody biomass has a complex composite structure, and their efficient utilization requires exposure of cellulose 
and hemicelluloses from the cell walls covered with lignin which is a major factor limiting biodegradation of 
lignocellulosics both in aerobic and anaerobic conditions (Sun & Cheng, 2002; Taherzadeh & karimi, 2008). Due to 
the heterogeneity, lignin is resistant to biological attack in nature, but basidiomycetes called white rot fungi are able 
to degrade lignin in woody biomass (Lee et al., 2007; Nazarpour et al., 2013; Wang et al., 2014). Most of white rot 
fungi simultaneously decompose lignin and cellulose, but some species preferentially decompose lingin with less 
weight loss of cellulose. The selectivity for lignin biodegradation depends on fungal strain and wood species. By 
extensive screening of white rot fungi for biotreatment of Shorea wood, we found that an edible white rot fungus, 
Pleurotus ostreatus grew on residual Shorea wood with preferential degradation of lignin. The process is attractive if 
edible mushroom and biofuels can be produced from residual wood from tropical rain forests.  
On the other hand, biomethane is attractive for the local energy supply from woody biomass because facitilies for 
the biomethane production is, in most cases, much simpler than those of bioethanol production, and the low-cost and 
small scale mill is adaptable to local community in tropical countries. So far, enhanced production of biomethane on 
pretreatment of woody biomass by steam, NaOH, steam explosion and white rot fungi has been reported (Nakamura 
& Godliving, 2003). We also reported that biomethane production from beech wood was accelerated by the 
treatment of a selective white rot fungus, Ceriporiopsis subvermisopra (Amirta et al., 2006). However, there have 
been few reports demonstrating effectiveness of fungal pretreatments of woody biomass from tropical rain forests. 
To our knowledge, production of edible mushroom and biomethane from tropical woody biomass has not been 
reported.  
For our information, Pleurotus species, commonly known as oyster mushrooms, are edible fungi cultivated 
worldwide especially in south east Asia, India, Europe and Africa. The genus is characterized by its high protein 
content (20–40% on dry weight basis) (Sharma et al., 2013; Khan et al., 2008) and gourmet food quality, thus 
surpassing many other foods. Medically, Pleurotus ostreatus is reported to decrease cholesterol levels in 
experimental animals (Hossain et al., 2003). Unlike other mushroom species, oyster mushrooms are the easiest, 
fastest and cheapest to grow, require less preparation time and production technology. The fungus is usually 
cultivated on pasteurized straw of weed or rice, or wood medium supplemented with wheat bran, rice bran (Das and 
Mukherjee, 2007; Zireva et al., 2007; Sharma et al., 2013). The fungal Pleurotus genus was also reported produced 
on a variety of lignocellulosic substrates, for instant coffe pulp, cotton seed hulls, cassava peels, rice straw, 
corncobs, crushed bagasse, water hyacinth, water lily, bean, wheat straw, oil-palm fiber, paper and cardboard 
(Mandeel et al., 2005; Sanchez, 2010). Instead of rice straw, coffe pulp, cotton seed hulls, cassava peels, wheat 
straw, and corncobs, oyster mushroom was also cultivated on wood substrate (Okhuoya et al., 2010). Fast growing 
species such as Falcataria moluccana, Casuarina equisetifolia, Trema orientalis and other short-rotation agroforestry 
trees species that growth very fast to produce high yield biomass are potential substrate for the culture of edible 
mushrooms (Tisdale et al., 2006). 
In the present paper, a zero waste approach on utilization of residual Shorea wood biomass which is developed as 
an oyster mushroom production and biogas fermentation were studied in two-steps of bioconversion processes. We 
herein reported that the tropical woody waste biomass, Shorea sp. was potentially used as an alternative feedstock 
for the sustainable food production (mushroom) and renewable energy, biogas. In addition, we also found that 
mushroom production was effectively to and increased production of biogas until 2-3 folds higher compared with 
cow dung as common used. Mushroom productivity, fungal pretreatment effects on changes of wood components 
are also discussed. 
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2. Materials and Method 
2.1. Wood waste biomass (substrates preparation) 
Mixed sawdust of Shorea wood belonging to Shorea sp. (mainly Shorea leprosula) was used as the main woody 
wastes biomass from dipterocarpaceae trees species that commonly used and available in East Kalimantan. The 
wood waste biomass was collected from the sawmill industries in Balikpapan, East Kalimantan, Indonesia. Before 
use, the sawdust was soaked in tap water for two days and then filtrated. The wood filtrate was air-dried overnight at 
room temperature. For the mushroom cultivation, air-dried wood waste substrate (1 kg) was mixed with CaCO3, 
rice bran, tapioca, water and composted for three days (Parjimo & Andoko, 2007). Then, the mixed substrates were 
put into 18 cm x 35 cm of polythene bag (baglog). The bags were tightly closed and autoclaved. One O-ring hole 
was made on top of the bags for cultivation and growth spot of mushroom fruit bodies. 
 
 
 
 
 
 
 
 
 
Fig. 1. Residual Shorea wood biomass from sawmill industry in East Kalimantan, Indonesia 
2.2. Mushroom production (Fungal pretreatment)  
Fungal pretreatments with concomitant production of edible mushroom was carried out using Pleurotus ostreatus 
(Jacq.:Fr.) Kumm Strain No. Politani-722 The mushroom strain was a gift from the Laboratory of Tissue Culture, 
The State Polytechnic of Agriculture Samarinda and was maintained on a potato-dextrose agar medium (pH 7) 
containing 20% potato extract, 2% dextrose and 2% agar (Oei, 2005). Mushroom cultivation was carried out in a 
polythene bag for 3 months, at 28oC and 80-90% relative humidity, along with the conditions for home industry-
scale mushroom production. Matured fruit bodies were harvested four times (flushes). The total weight of fresh 
mushroom is considered as yield to equate the biological efficiency. Then, fresh weight of mushroom yield per 
kilogram of air-dried woody waste biomass was considered as biological efficiency (Banik & Nandi, 2000; Sharma 
et al., 2013). Biological efficiency ratio (BER) was determined by measuring the fresh weight harvest of fruiting 
bodies from each baglog dividing it with the dry weight of the substrate which are made uniformly of 1 kg and 
multiplying the value with 100% (Tisdale et al., 2006; Ahmed et al., 2009). 
2.3. Determination of wood biomass component  
The chemical analysis of wood biomass was performed using TAPPI test methods (modified – Itoh et al., 2003). 
Moisture content (T207 om-88), holocellulose and cellulose (TAPPI useful method 249, Wise method), and Klason 
lignin (T222 om-88) of mushroom wood waste biomass were compared to comparable values for normal wood.  
2.4. Methane fermentation 
Methane fermentation of spent mushroom woody waste biomass was carried out in a 500 ml Erlenmeyer flask 
(Amirta et al., 2006). The fermentation system consists of 10 and 20 grams of untreated sawdust and pretreated 
spent mushroom waste and 400 ml of sludge (cow dung solution) which taken from the Samarinda slaughtering 
house (Lempake, Samarinda, Indonesia). The fermentation flask were purged with argon gas and incubated at 
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35±2ºC for 40 days. Biogas produced was collected in a polypropylene measuring cylinder submerged under 
saturated sodium chloride. The volume of gas produced was measured daily. Biogas production from fermentation 
system containing the sludge without spent mushroom waste biomass was also measured as the control. Anaerobic 
fermentation of the wood spent mushroom (20 g) was also carried out using the water, instead of sludge.  
3. Results and Discussion 
3.1. Mushroom production  
The first pin heads (primordia) appered after 34 days in average. After 44 days, matured fruiting bodies were 
collected as first flush The second flushes were collected at 9 days after collection of the first flush (Fig. 1 and Table 
1). We found growth and production of mushroom was to be highest in the first flush of production to gave 
134.7±20.3 g of fresh mushroom and gradually decreased to 83.5±12.0 g (4th flush) as long as longterm period of 
cultivation, probabbly due to decrease in available carbohydrates and other nutrients (Fig. 2) (Tisdale et al., 2006; 
Ahmed et al., 2009; Oseni et al., 2012). The similar situation was also found from the evaluation of BER. Biological 
efficiency was determined from the relation between fresh weight of the mushroom and dry weight of the residual 
medium at the end of the harvesting period. The BER was highest at the first flush and then gradually decreased. 
The total of biological efficiency calculated at the end of harvesting period was 42.9±5.2%.  
 
 
 
Fig. 2. Growth of oyster mushroom on baglog of Shorea wood waste biomass; from the left to right, growth of spawn, pinhead to mature 
mushroom fruit body 
Table 1. Growth and flushing time of oyster mushroom on tropical wood waste biomass, Shorea. 
Spawn running – pinhead 
(day after inoculation) 
Time for mushroom production (day after inoculation)  
1st flush 2nd flush 3rd flush 4th flush 
34 44 53 64 78 
*Means and average of mushroom growth from 30 replicate samples 
 
 
 
 
 
 
Fig. 3. Yield of oyster mushroom from Shorea wood waste biomass 
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3.2. Changes in composition of Shorea wood  
The chemical component of untreated wood and pretreated wood was determined. On cultivation with P. 
ostreatus for 44 days, lignin content of Shorea wood decreased from 31.5% to 23.7% while decrease in 
holocellulose was 62.6% to 52.7%. Thus, P. ostreatus preferentially degraded lignin in Shorea wood (Table 2). P. 
ostreatus is known as a selective degrader for rice straw. However, the fungus has been recognized as a non-
selective degrader of lignin in woody biomass. For instance, fungal treatment of Japanese cedar wood with a 
selective white-rot fungus Ceriporiopsis subvermispora significantly increased in vitro digestibility (Amirta et al., 
2006), but P. ostreatus exibited very low effects on the incrase in digestiblity. These results highlight our finding 
that Shorea wood is a good substrate for P. ostreatus and lignin was preferentially removed by the fungus.  
Table 2. Lignocellulosic component of Shorea wood, before and after fungal pretreatment 
 Lignocellulosic components*(%) 
Lignin Holocellulose 
Untreated woody waste biomass 31.5±1.2 62.6 ± 2.2 
Pretreated woody waste biomass 
(after mushroom production) 
23.7±0.4 52.7 ± 0.7 
*Chemical components are based on decay weight of woody biomass 
3.3. Biogas Production 
The effects of biopretreatment of residual Shorea wood biomass on biogas production were evaluated. After 
fungal pretreatment with P. ostreatus and subsequent methane fermentation with the substrate for 40 days, the 
biogas yield increased 2-3 folds than that of the control without fungal treatment. The methane production with 
untreated Shorea wood was similar level without the wood substrate (Fig. 4). With the pretreated wood, biogas 
production started after 5 days and significantly changes between appeared after 10 days increased with increase in 
the incubation time and started after 5 days. The highest total biogas production, 1,999 ml was collected by the 
addition of 20 g pretreated woody waste biomass, followed by 10 g (1,613 ml), respectively. Production of biogas 
from the sludge in the absence of pretreated woody waste biomass was negligible and only 822 ml of biogas was 
collected.  
Enhanced biogas production by the effective fungal pretreatments is explained by the breakdown of cell wall 
structure. The lignin degradation increased the surface area of exposed cellulose to increase its susceptibility to 
microbes and their enzymes (Komilis & Ham, 2003). The present results clearly indicate that decreased of woody 
waste biomass lignin (Klason lignin) has a correlation with the biogas production and also inline with the previous 
report of Nakamura & Godliving (2003) and Amirta et al. (2006), the amount of methane gas produced depended on 
a decrease in Klason lignin of the treated wood chip. However, without biopretreatment production of biogas from 
wood waste biomass was declined. As can be seen in Fig. 4, we found that production of biogas was decreased after 
21 days of inoculation, and the lowest production was obtained from the sample that suplemented with 20 g of 
woody biomass where is only 674 ml of biogas was produced. Extractive and lignin content of untreated woody 
biomass were believed as source of suppresion of production of biogas.  
In order to evaluate quality of biogas produced, ignition potential of woody waste biomass was tested. Clear blue 
fire was obtained without any odor and smoke (figure was not shown). This result clearly indicated that the biogas 
produced was contained high amount of methane as well as expected. In addition, this result could be an indicator of 
high quality biogas produced from the woody waste biomass. The previous report showed that the chemical 
composition of biogas was 50-85% of methane (CH4), 20-35% carbon dioxide (CO2), and trace amount of H2, N2 
and H2S. The biogas composition depends mostly on the type of decomposed material and subsequent slight 
differences in chemical compositions could result from that as well (Herout et al., 2011). 
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Fig. 4. Total production of biogas from (a) untreated and (b) pretreated Shorea wood waste biomass and submerged 40 days of fermentation; (◊) 
sludge with 20g unterated wood, () sludge with 10g untreated wood, (♦) sludge with 20g preterated wood, () sludge with 10g pretreated 
wood, (x) sludge (cow dung), () 20 g untreated wood in water system 
Finally, once again our finding showed that fungal pretreatment which is developed as mushroom production was 
effective to enhanced production of biogas from tropical rainforest hardwood species, Shorea woody waste biomass. 
Two-steps utilization of the residual wood biomass for mushroom and biogas production was also clearly effective 
to managing organic waste, which have become problematic for disposal. In addition, combination of both activities, 
were also an alternative way to generate potential rich protein food and energy source that necessary for our life. 
4. Conclusions 
In conclusion, fungal pretreatment of woody waste biomass, Shorea sp. by P. ostreatus was useful for food 
(mushroom) production and also for bio-pretreatment of tropical hardwood for biogas fermentation. The bio-
pretreatment which is developed on a food-mushroom production was effective to enhanced biogas production 2-3 
folds higher than the cow dung as common used. This result also showed that the tropical woody waste biomass, 
Shorea sp. show potential for development as an economical alternative material source for the sustainable food 
production (mushroom) and renewable energy, biogas. 
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